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(Tsuga  heterophylla) 


By  H.  S.  Bett^,  Senior  Engineer,  Division  of  Forest  Products 

Western  hemlock  grows  along  the  western  coast  of  North  America. 
The  stand  is  large  and  the  wood  is  an  important  source  of  pulpwood 
and  lumber.  Its  use  as  pulpwood  has  made  marked  progress,  and  in 
1940  it  furnished  more  domestic  wood^  for  paper-making  purposes 
than  any  other  species  except  southern  pine.  About  three  times  as 
much  western  hemlock  is  used  for  pulpwood  as  for  lumber.  Formerly, 
western  hemlock  lumber  was  not  considered  a  satisfactory  building 
material  and  was  often  mixed  with  Douglas-fir  and  sold  under  that 
name  to  consumers  who  would  not  accept  it  under  its  own  name.  A 
thorough  investigation  of  the  properties  of  the  wood  proved  this 
prejudice  to  be  unfounded. 

The  wood  is  classed  as  intermediate  in  strength,  hardness,  etc., 
and  ranks  somewhat  below  Douglas-fir  and  southern  pine  as  material 
for  heavy  construction.  The  high  tannin  content  of  the  bark  makes 
western  hemlock  a  prospective  source  of  tannin.  Insects  and  fungi 
cause  considerable  damage  to  the  tree. 

Nomenclature. — Western  hemlock  has  a  variety  of  names  in  dif- 
ferent localities  and  is  often  given  a  fictitious  name  in  the  belief  that 
it  will  make  the  lumber  easier  to  market.  An  increasing  number  of 
firms,  however,  are  placing  it  on  the  m^arket  under  its  own  name. 
The  common  names  are  western  hemlock,  west  coast  hemlock,  hemlock, 
hemlock  spruce,  western  hemlock  spruce,  western  hemlock  fir.  Prince 
Albert  fir,  gray  fir,  silver  fir,  and  Alaska  pine.  The  names  "western 
hemlock  fir"  and  "Prince  Albert  fir"  are  used  largely  for  material 
exported  to  England. 

Distribution  and  growth. — ^Western  hemlock  grows  along  the 
Pacific  coast  from  Prince  William  Sound  in  Alaska  to  San  Francisco 
Bay,  and  as  far  inland  as  northern  Idaho  and  northwestern  Montana 
(fig.  1).  The  best  stands  are  found  in  the  humid  coastal  regions  of 
Oregon,  Washington,  and  Alaska,  and  on  the  lower  slopes  of  the  Cas- 
cade Mountains  in  Washington  and  Oregon  at  elevations  from  1,500 
to  3,500  feet.  The  species  grows  best  in  cool,  moist  locations  and 
occasionally  reaches  an  age  of  500  years.  Trees  100  years  old  are 
generally  17  to  21  inches  in  diameter  and  130  to  150  feet  in  height. 
Under  favorable  conditions,  mature  trees  reach  a  diameter  of  3  to  4 
feet  and  height  of  175  to  225  feet. 

Western  hemlock  usually  grows  in  association  with  Douglas-fir, 
western  redcedar,  and  Sitka  spruce.    Sometimes  it  is  the  dominant 

1  The  consumption  of  domestic  and  imported  spruce  exceeds  the  combined  consumption 
of  domestic  and  imported  western  hemlock. 
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tree,  especially  in  Alaska,  where  practically  pure  forests  occur.  The 
tree  is  a  prolific  seeder,  and  the  seed  will  grow  on  a  wide  variety  of  soils 
provided  there  is  sufficient  moisture.  The  seedlings  can  endure  un- 
usually dense  shade  but  grow  much  more  rapidly  in  sunlight.  Western 
hemlock  trees  are  easily  injured  by  fire  because  of  their  thin  bark  and 
shallow  roots.  They  are  also  subject  to  attack  by  insects  and  fungi. 
The  former  cause  the  dark  streaks  found  in  western  hemlock  lumber, 
and  the  latter  the  heart  rot  common  in  old  trees  or  those  grown  under 
dense  shade. 

Supply. — A  1923  estimate  ^  gave  the  stand  of  western  hemlock  in 
the  United  States  and  Alaska  as  149  billion  board  feet,  distributed  as 
follows : 


Figure  1. — Range  of  western  hemlock  {Tsuga  heterophylla) . 


Board  feet 

Alaska   63,  000,  000,  000 

Washington  60,  OOO,  000,  000 

Oregon  25,  000,  OOO,  000 

Idaho,  Montana,  and  California   1,  000,  000,  000 


2  Allen,  E.  T.  forest  figures  for  the  pacific  coast  states.  (Figures  used  by  the 
D.  S.  Senate  Select  Committee  on  Reforestation.) 
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Estimates  in  1931  ^  and  1938  *  placed  the  stand  in  the  United  States 
at  86,464,000,000  and  115,551,000,000  board  feet,  respectively.  Kecent 
forest  surveys  in  the  Northwestern  States  ^  form  the  basis  for  an  esti- 
mate of  123,000,000,000  board  feet  as  the  stand  of  western  hemlock 
saw  timber  in  the  United  States.    This  is  made  up  as  follows : 

stand 

Western  Washington  :  feet-lumher  tally) 

Over  20-inch  diameter  ^  80, 177,  000,  000 

16-  to  20-inch  diameter  ^  11,  791,  000,  000 

■   91,968,000,000 

Western  Oregon : 

Over  20-inch  diameter  '  25,  222,  000,  000 

16-  to  20-inch  diameter   '  3,  053,  000,  000 

  28,275,000,000 

Eastern  Washington : 

Three  counties  in  northeastern  corner   ^  105,  000,  OOO 

Remainder  of  eastern  part   "  1, 121,  000,  000 

•    1,  226,  000,  000 

Eastern  Oregon   '248,000,000 

Northern  Idaho   *  1,  047,  000,  000 

Western  Montana   "148,000,000 

California   100,  000,  000 

Total   123,  012,  000,  000 

1  Andrews,  H.  V.,  and  Cowlin,  R.  V.  forest  resources  of  the  douglas-fir  region. 
U.  S.  Dept.  Agr.  Misc.  Pub.  389,  169  pp.,  illus.  1940. 

2  See  U.  S.  Forest  Service,  Northern  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  forest  statistics,  pend  oreille  county,  Washington.  Forest  Survey  Re- 
lease 2,  24  pp.,  illus.  1937.  [Processed.]  forest  statistics,  Spokane  county,  Wash- 
ington. Forest  Survey  Release  4,  24  pp.,  illus.  1937.  [Processed.]  forest  statistics, 
STEVENS  county,  WASHINGTON.  Forest  Survey  Release  5,  24  pp.,  illus.  1937.  [Processed.] 
(Log  scale  converted  to  lumber  tally  (round  figures)  by  adding  15  percent.) 

3  CowLiN,  R.  W.,  Briegleb,  p.  a.,  and  Moravets,  F.  W.  Forest  resources  of  the 
PONderosa  pine  region.    U.  S.  Dept.  Agr.  Misc.  Pub.  490,  99  pp.,  illus.  1942. 

^  U.  S.  Forest  Service,  Northern  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  forest  statistics  for  northern  idaho.  Forest  Survey  Statis.  Serv.  10,  illus. 
1941.  [Processed.] 

5  U.  S.  Forest  Service,  Northern  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  highlights  of  the  forest  situation  in  western  Montana.  Forest  Survey 
Statis.  Serv.  14,  illus.    1943.  [Processed.] 

Comparatively  little  cutting  has  been  done  in  the  original  stands 
of  western  hemlock  largely  because  lumbermen's  operations  have  been 
directed  to  the  forests  containing  the  largest  percentage  of  Douglas-fir, 
Sitka  spruce,  and  western  redcedar.  Western  hemlock  in  close  prox- 
imity has  been  left  standing.  In  the  State  of  Washington  western 
hemlock  makes  up  about  one-third  of  the  stand  of  merchantable  tim- 
ber. 

Production  of  lumber. — The  production  of  western  hemlock  lum- 
ber in  1899  ^  was  549,000  board  feet.  By  1904  it  had  risen  to  22,244,000 
feet  (fig.  2).  The  maximum  production  of  1,549,137,000  feet  occurred 
in  1928.  In  1932  production  dropped  to  198,794,000  feet.  The  average 
annual  production  of  western  hemlock  lumber  for  the  10-year  period 
1933-42  was  344,216,000  board  feet.  Production  in  1942  amounted  to 
548,808,000  feet.  Washington  has  been  the  leading  State  in  the  pro- 
duction of  western  hemlock  lumber  since  1904,  with  Oregon  second."^ 
Idaho  and  California  have  contributed  only  a  very  small  proportion  of 

3  U.  S.  Forest  Service,  a  national  plan  foe  American  forestry.  73rd  Cong.,  1st 
Bess.,  Senate  Doc.  12,  2  v.  1933 

*  United  States  Congress,  Joint  Committee  on  Forestry,  forest  lands  of  the 
united  states.    77th  Cong.,  1st  sess..  Senate  Doc.  32,  44  pp.  1941. 

6  Conducted  by  the  Pacific  Northwest  Forest  and  Range  Experiment  Station  and  the 
Northern  Rocky  Mountain  Forest  and  Range  Experiment  Station  as  part  of  a  Forest  Survey 
of  the  United  States. 

8  Earliest  year  in  which  the  cut  of  western  hemlock  was  recorded  separately.    The  cut 
of  eastern  hemlock  lumber  in  1899  was  3,421,000,000  board  feet. 
'  Except  in  1905,  when  Montana  was  second. 
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the  lumber  cut  from  this  species.  In  1942  about  73  percent  of  the 
western  hemlock  lumber  came  from  Washington,  and  26  percent  from 
Oregon.  Production  in  1943  was  715,883,000  board  feet. 

Pulpwood. — In  1910  about  60,000  cords  of  western  hemlock  were 
used  for  pulpwood.^  This  was  about  one-tenth  of  the  eastern  hemlock 
pulpwood  consumed  in  that  year.  By  1920  western  hemlock  pulpwood 
consumption  had  risen  to  203,200  cords  (fig.  3) — about  one-third  of 
the  eastern  hemlock  pulpwood  consumption.  In  1930  the  amount  of 
western  hemlock  used  for  pulpwood  (625,000  cords)  exceeded  the  east- 
ern hemlock  pulpwood  for  the  first  time,^ 

In  1940,  consumption  of  western  hemlock  for  pulpwood  was  2,240,300 
cords,  equivalent  to  about  1,120,150,000  board  feet."  This  was  over 
five  times  the  eastern  hemlock  pulpwood  consumption,  ond  16  percent 
of  the  total  pulpwood  consumption  that  year.  The  average  annual 
consumption  of  western  hemlock  for  pulpwood  during  the  5-year  pe- 
riod 1936-40  was  1,741,000  cords,  equivalent  to  about  871,000,000  board 
feet.  Unofficial  estimates  place  the  1944  consumption  at  about  the 
5-year  average. 

The  total  cut  of  western  hemlock  in  recent  years  for  lumber,  pulp- 
wood, and  relatively  minor  uses,  such  as  cooperage,  veneer,  mine  tim- 
bers, and  fuel  is  estimated  as  equivalent  to  about  1,250,000,000  board 
feet. 

Properties. — The  heartwood  and  sapwood  of  western  hemlock  are 
almost  white,  with  a  pinkish  tinge.  The  sapwood,  which  is  some- 
times lighter  in  color  than  the  heartwood,  forms  a  very  small  pro- 
portion of  the  trunk  and  is  generally  not  over  1  inch  thick.  The 
growth  rings  are  distinct  and  consist  of  a  band  of  light-colored  spring- 
wood  which  merges  gradually  into  a  narrower  band  of  darker  sum- 
merwood. 

The  summerwood  portion  in  the  growth  rings  of  western  hemlock 
is  much  less  conspicuous  than  in  Douglas-fir  and  southern  pine,  but 
more  so  than  in  eastern  spruce  and  the  white  pines.  Small,  sound 
black  knots  occur  frequently  and  are  usually  tight  and  stay  in  place — 
a  characteristic  which  makes  the  knotty  lumber  suitable  for  boxes, 
concrete  forms,  etc.  The  dark  streaks  often  found  in  the  lumber 
are  the  work  of  the  hemlock  bark  maggot  in  the  living  tree.  The 
wood  is  free  from  resin  ducts    and  consequently  has  no  pitch  defects. 

Western  hemlock  is  moderately  light  in  weight,^^  moderately  hard, 
moderately  weak  in  bending  and  compressive  strength,  moderately 
stiff,  and  moderately  low  in  shock  resistance.  It  has  a  moderately 
large  shrinkage — about  the  same  as  Douglas-fir.  The  wood  is  com- 
paratively easy  to  kiln-dry  or  air-dry  without  the  occurrence  of  stain- 
ing, warping,  and  other  seasoning  defects.  Green  western  hemlock 
contains  a  large  amount  of  water — considerably  more  than  Douglas- 
fir — and  requires  a  longer  period  of  drying  to  reach  the  same  moisture 
content.    The  green  wood  has  a  distinctly  sour  odor,  not  present  in 

*  Statistics  of  the  Bureau  of  the  Census  show  52,682  cords  of  western  hemlock  pulpwood 
consumed  in  Oregon  in  1910.  The  pulpwood  consumption  of  western  hemlock  in  Washing- 
ton is  included  with  that  of  C  ifornia  and  with  eastern  hemlock  consumption  in  four 
Eastern  and  Central  States,  making  a  total  hemlock  pulpwood  consumption  for  these 
States  of  26,104  cords. 

«  The  consumption  of  eastern  hemlock  pulpwood  in  1930  was  598,000  cords. 

"  A  cord  of  western  hemlock  pulpwood  is  considered  equivalent  to  500  board  feet. 

"  Except  where  formed  as  a  result  of  injury  to  the  living  tree. 

"  The  average  weight  in  an  air-dry  condition  (12  percent  moisture  is  29  pounds  per  cubic 
foot. 
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seasoned  material.  When  properly  seasoned,  it  stays  in  place  fully  as 
well  as  Douglas-fir,  but  not  as  well  as  ponderosa  pine  and  the  white 
pines. 

The  wood  is  easy  to  work  with  tools.  A  planed  surface,  however, 
is  not  as  smooth  as  that  of  the  white  pines  or  ponderosa  pine,  and 
in  crosscutting,  the  edges  of  western  hemlock  have  a  tendency  to  chip. 
The  lumber  is  less  su}3ject  to  raised  grain  than  is  Douglas-fir  or 
southern  pine.  In  both  nail-holding  ability  and  tendency  to  split 
when  nailed,  western  hemlock  has  an  intermediate  rank.  In  paint- 
holding  ability,  it  ranks  below  the  cedars  and  white  pines,  but  above 
Douglas-fir  and  southern  pine.  The  wood  has  satisfactory  gluing 
properties.  It  is  not  durable  under  conditions  favorable  to  decay. 
The  bark  has  a  high  tannin  content,  usually  from  12  to  22  percent. 

Western  hemlock  has  excellent  paper-making  properties.  When 
reduced  by  the  sulfite  process  it  yields  a  tough,  strong,  and  easily 
bleached  Pulp  suitable  for  newsprint,  book,  and  high-grade  printing 
papers.  The  sulfate  process  produces  a  very  strong  and  tough  pulp 
suitable  for  high-grade  kraft  wrapping  papers  and  fiberboard.  When 
the  mechanical  process  is  used,  the  resultant  pulp  is  of  excellent 
color  and  standard  strength,  and  suited  to  practically  all  uses  requir- 
ing ground  wood. 

Principal  uses. — Western  hemlock  is  used  principally  for  pulp- 
wood  and  lumber  and  to  a  limited  extent  for  small  pails,  tubs,  and  non- 
liquid  containers,  core  stock  for  plywood  panels,  railroad  ties,  and 
mine  timbers.  It  is  also  a  prospective  source  of  veneer  for  fruit  and 
vegetable  containers  and  for  the  manufacture  of  plywood  for  general 
construction  purposes. 

The  wood  is  used  for  making  paper  pulp  by  the  sulfite  or  mechan- 
ical process.  It  goes  principally  into  newsprint.  Western  hemlock 
will  probably  continue  to  increase  in  importance  as  a  pulpwood, 
especially  in  Alaska,  where  water  for  power  and  transportation  is 
readily  available. 

The  lumber  goes  largely  into  building  material  such  as  sheathing, 
siding,  subflooring,  joists,  studding,  planking,  and  rafters,  for  all  of 
which  it  has  proved  satisfactory,  except  under  conditions  where  a 
high  degree  of  resistance  to  decay  is  necessary.  Considerable  quan- 
tities are  used  in  the  manufacture  of  boxes  and  crates,  flooring  and 
smaller  amounts  for  refrigerators,  furniture,  and  ladders.  Little 
western  hemlock  goes  into  heavy  structural  material,  where  it  would 
compete  with  Douglas-fir — a  stronger  and  more  decay-resistant  species. 

The  high  tannin  content  of  the  bark  makes  the  tree  an  important 
potential  source  of  tannin,  an  essential  in  converting  hides  and  skins 
into  leather.    Large-scale  commercial  tanning  tests,  using  tannin  from 

"  A  roughened  condition  of  the  surface  of  planed  lumber  in  which  the  hard  summerwood 
is  raised  above  the  softer  springwood. 

"  Six  processes  are  used  commercially  in  making  paper  pulp  from  wood.  One  is  the 
mechanical  or  ground-wood  process,  in  which  the  wood  is  reduced  to  pulp  on  a  grindstone. 
The  yield  approaches  100  percent  of  the  weight  of  the  wood.  Four  are  chemical  processes — 
the  sulfite,  sulfate,  soda,  and  neutral  sulfite.  They  depend  upon  the  dissolving  action  of 
chemical  reagents  which  remove  essentially  all  of  the  binding  material  (lignin)  surround- 
ing the  cellulose  fibers  and  leave  them  in  a  fairly  pure  state.  The  removal  of  the  lignin 
is  accomplished  by  cooking  the  wood  chips  with  the  proper  chemical  under  steam  pressure. 
The  yield  of  pulp  is  about  one-half  the  weight  of  the  wood.  In  a  sixth  process,  the  semi- 
chemical,  part  of  the  lignin  is  removed  by  chemical  means,  and  the  resultant  pulp,  contain- 
ing some  lignin,  is  further  refined  by  mechanical  means.  The  yield  of  semichemical  pulp 
is  intermediate  between  the  yields  obtained  with  the  mechanical  process  and  the  chemical 
processes. 

^  The  bark  of  eastern  hemlock,  used  in  considerable  quantities  for  tanning  purposes, 
contains  10  to  13  percent  tannin,  compared  with  12  to  22  percent  for  western  hemlock. 
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western  hemlock,  resulted  in  the  production  of  high-grade  leather, 
but  under  conditions  prevailing  in  1940  on  the  Pacific  coast,  tannin 
from  this  species  apparently  cannot  compete  with  quebracho  extract 
from  South  America,  or  with  tannin  from  native  tanbark  oak.  Neither 
could  it  compete  with  eastern  hemlock  bark,  chestnut  wood,  quebracho, 
etc.,  in  the  eastern  markets. 

Table  1  gives  the  amounts  of  western  hemlock  used  in  the  manufac- 
ture of  wooden  products  in  1933  and  1940.  The  tabulation  includes 
western  hemlock  in  the  form  of  lumber,  logs,  and  bolts. 

Table  1. — Western  hemlock  used  in  the  manufacture  of  wooden  products 
[Thousands  of  board  feet] 


Product 


1933 


1940 


Boxes,  baskets,  and  crating... 
Car  construction  and  repair.. 

Caskets  and  burial  boxes  

Fixtures   

Flooring  

Furniture..  

Ladders    

Laundry  appliances  

Machinery    

playground  equipment  

Kefrigerators  

Sash,  doors,  general  millwork. 

Signs,  scenery,  displays  

Vehicles,  motor   

Venetian  blinds..   

Woodenware  and  novelties... 


7, 053 
1  155 


270 
"345' 


36,  221 
329 
48 
123 
10,243 
6,594 
3,  842 
•  53 
24 
112 
6,472 
» 2,  638 
18 
376 


Total. 


75,527 


i  The  two  hemlocks,  eastern  and  western,  were  not  separated  in  previous  canvasses  of  wood  used  in  man- 
ufacture (1912  and  1928)  but  were  grouped  together  as  hemlock.  The  total  amount  of  hemlock  used  in  the 
manufacture  of  wooden  products  in  1912  and  1928,  including  planing-mill  products,  omitted  in  the  1933 
and  1940  canvasses,  was  as  follows:  1912—708,753,000  board  feet;  1928—595,124,000  board  feet. 
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